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6HUUDWLRQV RQ D SULQWLQJ JULSSHU VLJQLILFDQW IRU HQVXULQJ WKH UHJLVWHU DFFXUDF\ LQ VKHHWIHG RIIVHW SULQWLQJPDFKLQHV KDYH WR
VXVWDLQ VHYHUH FRQWDFW VWUHVVHV 3RRUO\ GHVLJQHG VHUUDWLRQV FDQ KDYH DQ DGYHUVH HIIHFW RQ LWV OLIH DQG SHUIRUPDQFH+RZHYHU
OLWHUDWXUH RQ WKH GHVLJQ RI VHUUDWLRQV RQ D JULSSHU LV VFDUFH ,Q WKLV VWXG\ XVLQJ DQDO\WLFDO VROXWLRQV ZH KDYH GHYHORSHG DQ
RSWLPL]DWLRQ IUDPHZRUN WKDW FDQ KHOS WR TXLFNO\ DUULYH DW GHVLJQ VROXWLRQV WRPD[LPL]H WKH GXUDELOLW\ DQG SHUIRUPDQFH RI D
VHUUDWHG SULQWLQJ JULSSHU $OWKRXJK WKH DQDO\VLV LV GRQH LQ WKH FRQWH[W RI SULQWLQJ JULSSHUV LW SURYLGHV D PHWKRGRORJ\ IRU
GHYHORSPHQWRIGHVLJQRSWLPL]DWLRQIUDPHZRUNV IRU VLPLODU JULSSHUV






DVSHFW RI D FRPSOHWH DVVHPEO\ V\VWHP >@$V LQGLFDWHG LQ >@ WKH GHVLJQ RI JULSSHU MDZV LV RIWHQ DGKRF DQG
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MDZLQ)LJLVXVXDOO\UHIHUUHGDVJULSSHUSDG(YHQWKRXJKWKHWZRMDZVWRJHWKHUFRQVWLWXWHWKHJULSSHUWKH
KLQJHGMDZLQ)LJLVRIWHQUHIHUUHGDVJULSSHULQWKHSDUODQFHRIRIIVHWSULQWLQJPDFKLQHU\7KHHGJHRISDSHU




RQH SULQWLQJ XQLW WR DQRWKHU DV ZHOO DV GXULQJ WKH DFWXDO SULQWLQJ SURFHVV &RORU RIIVHW SULQWLQJ LV DFKLHYHG E\
SULQWLQJRILQGLYLGXDOFRORUVHSDUDWLRQVRQHE\RQHRQHRYHUWKHRWKHU7KHVKDUSQHVVDQGFOHDQQHVVRIDIRXUFRORU
SULQWLVJUHDWO\DIIHFWHGE\WKHDFFXUDF\RIWKHFRORUUHJLVWHU,QJHQHUDOUHJLVWHUUHIHUVWRWKHDFFXUDWHSRVLWLRQLQJRI











7KH VHUUDWLRQV SURYLGH D NLQG RI ORFNLQJ HIIHFW RQ WKH REMHFWV OLNH SDSHU EHLQJ JULSSHG LQ DGGLWLRQ WR WKH
IULFWLRQDOJULSSLQJ IRUFHDQGSUHYHQWV VOLSSDJH8VXDOO\ LQ VKHHWIHGSUHVVHVRQHRI WKH MDZV ZLOO KDYHD VHUUDWHG
VXUIDFHDQGWKHRWKHUMDZDIODWVXUIDFH7KHFRQILJXUDWLRQLVW\SLFDOO\ZLWKDVHUUDWHGJULSSHUDQGDIODWJULSSHUSDG
,WFDQDOVREHYLFHYHUVD
/LWHUDWXUH RQ WKH GHVLJQ RI VHUUDWLRQV RQ D SULQWLQJ JULSSHU LV VFDUFH+RZHYHU VLPLODU FRQWDFW SUREOHPV KDYH
EHHQUHVHDUFKHGH[WHQVLYHO\LQWKHFRQWH[WRIDQDO\VLVRIEDOODQGUROOHUEHDULQJVLQ>@RQWKHFKDQJHVLQHOHFWULF
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UHVLVWDQFHGXHWRYDULDWLRQLQORDGLQJDQGFRQWDFWJHRPHWULHVLQ>@DQGRQUDLOZKHHOFRQWDFWLQ>@$ UHYLHZ
RI URERWLF JUDVSLQJ DQG FRQWDFW LV JLYHQ LQ >@ ,Q >@ )2]WXUN KDV VKRZQ WKDW XVXDOO\ LQ D WZRGLVF VKULQN ILW
DVVHPEO\ WKH ILQLWH HOHPHQW UHVXOWV DUH YHU\ VLPLODU WR WKH DQDO\WLFDO UHVXOWV ,Q >@: <DQ DQG ) ' )LVFKHU
FRQFOXGHVWKDWKHUW]LDQFRQWDFWWKHRU\FDQEHDSSOLHGLQUDLOZKHHOFRQWDFWSUREOHPVZLWKUHDVRQDEOHDFFXUDF\LIWKH
PDWHULDO LV DVVXPHG DV OLQHDU HODVWLF DQG WKH VXUIDFH FXUYDWXUH RI WKH UDLO UHPDLQV XQFKDQJHG ,Q >@ 3 6DLQVRW
GHVFULEHVDQDQDO\WLFDOPRGHOWRHYDOXDWHWKHQHDUVXUIDFHVWUHVVHVEHORZDZDY\VXUIDFH6WXG\RQWKHDQDO\VLVRIWKH
SULQWLQJ JULSSHU GHIRUPDWLRQ DQG WKH GHSHQGHQFH RI FHUWDLQ VWUXFWXUDO GHVLJQ SDUDPHWHUV RQ WKH GHIRUPDWLRQ RI
JULSSHUVGXULQJSULQWLQJLVJLYHQLQ>@
7KHJULSSHUMDZVDUHVXEMHFWHGWRKLJKFRQWDFWVWUHVVHVDQGWKHVHUUDWHGVXUIDFHSDUWLFXODUO\LVPRUHVXVFHSWLEOHWR
GHIRUPDWLRQ DQG ZHDU +HQFH WKH GHVLJQ RI WKH VHUUDWLRQV LV RI VLJQLILFDQFH &DUH VKRXOG EH WDNHQ WR GHVLJQ WKH
JURRYHVRQWKHJULSSHUWRHQVXUHJRRGUHJLVWHUDQGORQJ OLIH,QWKLVSDSHUZHKDYHGHYHORSHGDJHQHUDOIUDPHZRUN
IRURSWLPDOGHVLJQRIVHUUDWLRQVRQDSULQWLQJJULSSHU
,Q WKLV VWXG\ WKH FRQWDFW VWUHVV RQ WKH VHUUDWLRQV RQ WKH MDZ GXULQJ JULSSLQJ LV DQDO\]HG 7KH FRUUHVSRQGLQJ



























$FUXFLDO SUREOHPLQJUDVSLQJLV  WKHFKRLFHRI JUDVS  IRUFHV VR DV  WR DYRLG RU PLQLPL]H WKH ULVNRI
VOLSSDJH >@ 7KH UHTXLUHG JUDVS IRUFH FDQ EH DUULYHG DW IURP WKH IRUFH DFWLQJ RQ WKH JUDVSHG REMHFW DQG WKH








H[SHULPHQWDOO\IRXQG WRYDU\ IURP WRDERXW1LQ>@7KHPD[LPXPJULSSLQJ IRUFHDFWLQJRQ WKHSDSHUYDULHV









7KH PHWKRGRORJ\ DGRSWHG FDQ EH VXPPDUL]HG DV IROORZV 7KH FRQWDFW IRUFH SHU SURMHFWLRQ LV HVWLPDWHG IRU
GLIIHUHQWFRPELQDWLRQVRISLWFK3JURRYHZLGWKV*DQGJULSSLQJIRUFHV(TXDOVKDULQJRIORDGE\DOOSURMHFWLRQV
RIWKHJULSSHULVDVVXPHG7KHUDQJHRIYDOXHVRISLWFK 3 LVYDULHGMXGLFLRXVO\IURPPPWRPPWKHUDQJHRI
JULSSLQJ IRUFHV IURP 1 WR 1 DQG WKH UDQJH RI WKH JURRYH ZLGWK * IURP PP WR  PP )RU GLIIHUHQW
FRPELQDWLRQVRI WKHVHSDUDPHWHUV WKHQRUPDO VWUHVVHV VKHDU VWUHVVHVDQG9RQ0LVHV VWUHVVHVRQ WKHSRLQWVRI WKH
D[LVRIWKHSURMHFWLRQDUHFDOFXODWHG3ORWVDUH PDGHIRUVWUHVVHVDWYDULRXVGLVWDQFHV + DORQJWKHD[LVRISURMHFWLRQ
LQWKH=GLUHFWLRQVWDUWLQJIURPFRQWDFWSRLQWRIWKHSURMHFWLRQ$VDPSOHSORWRIWKHVWUHVVGLVWULEXWLRQIRUSLWFK 3
RIPPJURRYHZLGWK * RIPPUHVXOWLQJLQKHPLVSKHUHGLDPHWHU ' RIPPDQGIRUJULSSLQJIRUFHRI1
LVVKRZQLQ)LJ7KHJUDSKLVSORWWHGZLWKGLVWDQFH RIWKHSRLQWIURPFRQWDFWVXUIDFH + DORQJWKHDEVFLVVDDQGWKH
FRUUHVSRQGLQJ VWUHVVHV DORQJ WKH RUGLQDWH 7KH PD[LPXP9RQ0LVHV VWUHVV 03D DQG WKH GLVWDQFH RI WKH
FRUUHVSRQGLQJSRLQWIURPWKHWLSRISURMHFWLRQ + PPLVWDNHQIURPWKHJUDSK)LJ
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)LJ6WUHVVHVDORQJWKHD[LVRIDSURMHFWLRQRIPPGLDPHWHUDW1ORDG
$QXPEHURIVLPLODUVWUHVVGLVWULEXWLRQSORWVDUHPDGHIRU GLIIHUHQWFRPELQDWLRQVRISLWFKHVJURRYHZLGWKVDQG
JULSSLQJ IRUFHV $ IORZFKDUWRI WKHSURFHGXUH LV JLYHQ LQ)LJ 7KHPD[LPXP9RQ0LVHV VWUHVVHV WDNHQ IURP




$ IORZFKDUW IRU WKH ZKROH SURFHGXUH LV PDGH IRU FODULW\ DQG JLYHQ LQ )LJ  7KH FRUUHVSRQGLQJ HTXDWLRQ
QXPEHUVDUHJLYHQLQEUDFNHWV
$VVXPSWLRQVDQG&DOFXODWLRQV
7KH JULSSLQJ VXUIDFH RI WKH VHUUDWHG MDZ LV FRQVLGHUHG DV D WZR GLPHQVLRQDO DUUD\ RI KHPLVSKHULFDO
SURMHFWLRQVRQDSODQHUHIHUUHGDVµEDVHSODQH¶LQ)LJ
7KH JULSSLQJ VXUIDFH RI WKH IODW MDZ MDZZLWKRXW VHUUDWLRQ LV FRQVLGHUHG DV DQ HODVWLF KDOI VSDFH(DFK
SURMHFWLRQRQWKHVHUUDWHGMDZLVFRQVLGHUHGDVDQHODVWLFKHUW]LDQKHPL VSKHUHFRQWDFWLQJDQHODVWLFKDOIVSDFH,WLV
DVVXPHGWKDWDOO WKHFRQWDFWVVKDUH WKH ORDGHTXDOO\'XULQJ WKHRSHUDWLRQRIDSULQWLQJPDFKLQH WKHJULSSHU MDZV
RSHQ DQG FORVHZLWK DQGZLWKRXW SDSHUEHWZHHQ WKHP9HU\ WKLQSDSHUZLOO KDYH QHJOLJLEOH HIIHFW RQ WKH FRQWDFW
VWUHVVRQMDZVXUIDFHV$VWKHWKLFNQHVVRISDSHULQFUHDVHVWKHWHQGHQF\ZLOOEHWRZDUGVDUHGXFWLRQLQWKHFRQWDFW
VWUHVVHV RQ WKH SURMHFWLRQV +HQFH WR DUULYH DW D FRQVHUYDWLYH HVWLPDWH RI FRQWDFW VWUHVVHV WKH HIIHFW RI SDSHU
EHWZHHQ WKHMDZVLVQHJOHFWHG
$ VHUUDWHGJULSSHU PRYDEOH MDZDQGD IODW JULSSHUSDG IL[HG MDZDUHFRQVLGHUHG IRU WKHDQDO\VLV7KH
DQDO\VLV LV YDOLG IRU D VHUUDWHGJULSSHUSDG DQG IODW JULSSHU DVZHOO7KHZLGWK DQGEUHDGWKRI D JULSSHUSDG LQ D
W\SLFDOVKHHWIHGRIIVHWSULQWLQJPDFKLQHDUHWRPPDQGWRPPUHVSHFWLYHO\)RUWKHSXUSRVHRIDQDO\VLV
WKH GLPHQVLRQV RI WKH FRQWDFWLQJ VXUIDFH RI JULSSHU SDG DUH WDNHQ DV  PP DQG  PP ,W LV DVVXPHG WKDW WKH
WKLFNQHVVRIJULSSHUSDGLVIDLUO\ODUJHFRPSDUHGWRWKHVL]HRIWKHKHPLVSKHUHVRIWKHVHUUDWLRQ'XHWRKLJKVWUHVVHV



















































3ORWJUDSK + YV 9RQ0LVHV6WUHVV
&DOFXODWHWKHGLVSODFHPHQW ĮDW FRQWDFW 
%(*,1
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)RU WKH+HUW]LDQ FRQWDFW VWUHVV WKHRU\ WKH IXQGDPHQWDO DVVXPSWLRQV DUH D$W WKHSRLQW RI FRQWDFW WKH
VKDSHRIHDFKRIWKHFRQWDFWLQJVXUIDFHVFDQEHGHVFULEHGE\DKRPRJHQHRXVTXDGUDWLFSRO\QRPLDOLQWZRYDULDEOHV
E %RWK VXUIDFHV DUH LGHDOO\ VPRRWK F &RQWDFW VWUHVVHV DQG GHIRUPDWLRQV VDWLVI\ WKH GLIIHUHQWLDO HTXDWLRQV IRU
VWUHVVDQGVWUDLQRIKRPRJHQHRXV LVRWURSLFDQGHODVWLFERGLHV LQHTXLOLEULXPG7KHVWUHVVGLVDSSHDUVDWDJUHDW
GLVWDQFHIURPWKHFRQWDFW]RQHH7DQJHQWLDOVWUHVVFRPSRQHQWVDUH]HURDWERWKVXUIDFHVZLWKLQ DQGRXWVLGHWKH
FRQWDFW ]RQH I 1RUPDO VWUHVV FRPSRQHQWV DUH ]HUR DW ERWK VXUIDFHV RXWVLGH WKH FRQWDFW ]RQH J 7KH VWUHVV
LQWHJUDWHGRYHUWKHFRQWDFW]RQHHTXDOVWKHIRUFHSXVKLQJWKHWZRERGLHVWRJHWKHUK7KHGLVWDQFHEHWZHHQWKHWZR
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ORDGE\DOOSURMHFWLRQVWKH ORDGSHUFRQWDFWSRLQWLV17KHDUHDRIFRQWDFW D DQGWKHPD[LPXPSUHVVXUHDW
FRQWDFWDUHD SPD[ LVFDOFXODWHG7KHQRUPDOVKHDUDQG9RQ0LVHVVWUHVVHVDUHFDOFXODWHGDWYDULRXVSRLQWVDORQJWKH
=D[LVSDVVLQJWKURXJKWKHFHQWUHD[LVRISURMHFWLRQIURPWKHWLSRISURMHFWLRQWRZDUGVWKHSRVLWLYH=GLUHFWLRQDW
LQWHUYDOVQXPHULFDOO\HTXDO WRRQHE\ WKRXVDQGWKRI WKHFRQWDFWDUHD7KH LQWHUYDO LVFKRVHQDUELWUDULO\ WRREWDLQD




          DQG  PP NHHSLQJ WKH JURRYHZLGWK FRQVWDQW DW PP 7KHVH
YDOXHV DUH VHOHFWHG IRU WKH GLDPHWHUV WR DYRLG GLVWRUWLRQ RI UHVXOWV GXH WR IUDFWLRQDO KHPLVSKHUHV 7KHPD[LPXP
GLDPHWHURIPPFRUUHVSRQGVWRWKUHHFRQWDFWSRLQWVRQWKHPP[PPSDG7KHQH[WELJJHVWGLDPHWHURI



































































/RDG 1 /RDG 1
/RDG 1 <LHOG6WUHVV$,6,
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PDGHIRUDFRQVWDQWYDOXHRI*RIPP,WVKRZVWKDWWKHGLVSODFHPHQWLQFUHDVHVZLWK'ZLWKLQWKHJLYHQUDQJHRI
ORDGV
&OHDUO\ OHVV GHIRUPDWLRQ JLYHV ORQJHU OLIH DQG KHQFH IURP)LJ  D ORZHU KHPLVSKHUH GLDPHWHU LV WR EH
SUHIHUUHG $OVR OHVV GLVSODFHPHQWGHIRUPDWLRQ JLYHV EHWWHU DFFXUDF\ RI SRVLWLRQLQJ RI WKH SDSHU GXULQJ







































































/RDG 1 /RDG 1 /RDG 1




x )RU ILQGLQJ WKH FULWLFDO YDOXHV RI ' IRU D GLIIHUHQW DSSOLFDWLRQ RU ORDG UDQJH WKH VDPH PHWKRG FDQ EH
DSSOLHG
x 7KHORZHUWKHKHPLVSKHUHGLDPHWHU WKHORZHUWKHGLVSODFHPHQWDQGKHQFHEHWWHUWKHUHJLVWHUDFFXUDF\
x 7KH PD[LPXP 9RQ0LVHV VWUHVV DQG GLVSODFHPHQW LQFUHDVHV ZLWK WKH JURRYH ZLGWK +HQFH WKH JURRYH
ZLGWKLVWREHNHSWDVORZDVSRVVLEOHZLWKLQWKHFRQVWUDLQWVRIHFRQRPLFDOPDFKLQLQJSURFHVVHVDYDLODEOH







+HOPXW.LSSKDQ(G +DQGERRNRI3ULQW0HGLD7HFKQRORJLHVDQG 3URGXFWLRQ0HWKRGV6SULQJHU 
-RKQVRQ. &RQWDFW0HFKDQLFV&DPEULGJH8QLYHUVLW\3UHVV 





) 2]WXUN )LQLWHHOHPHQW PRGHOLQJ RI WZRGLVF VKULQN ILW DVVHPEO\ DQG DQ HYDOXDWLRQ RI PDWHULDO SDLUV RI GLVFV 3URFHHGLQJV RI WKH
,QVWLWXWLRQ(QJLQHHUV3DUW&-RXUQDORI0HFKDQLFDORI0HFKDQLFDO (QJLQHHULQJ6FLHQFH




3 6DLQVRW $QDO\WLFDO VWUHVVHV LQ URXJK FRQWDFWV 3URFHHGLQJV RI WKH ,QVWLWXWLRQ(QJLQHHUV 3DUW& -RXUQDO RI0HFKDQLFDO RI0HFKDQLFDO
(QJLQHHULQJ6FLHQFH
=KDQJ <DQJ /L *XDQJ  $16<6%DVHG )LQLWHHOHPHQW $QDO\VLV DQG0HFKDQLFDO $QDO\VLV RI 3ULQWHU *ULSSHU ,QWHUQDWLRQDO )RUXP RQ
&RPSXWHU6FLHQFH7HFKQRORJ\DQG$SSOLFDWLRQV,)&67$  
:(VFKHQEDFK.:DJHQEDXHU ,PSUHVVLRQ IRUFHVDQGSUHVVXUHGLVWULEXWLRQ LQ WKHF\OLQGHUFRQWDFWDUHDVRID VKHHWRIIVHWSULQWLQJSUHVV
SURFHHGLQJRIWKH)LIWK,QWHUQDWLRQDO&RQIHUHQFHRI3ULQWLQJ5HVHDUFK,QVWLWXWHV3HUJXPP3UHVV1HZ<RUN
.6HQWKLO 9DGLYX 16DQNDUDQDUD\DQDQ 190DKDODNVKPL  'HVLJQ DQG GHYHORSPHQW RI D SUHVVXUH VHQVLQJ GHYLFH LQ RIIVHW SULQWLQJ
PDFKLQH-RXUQDORIWKH,QVWLWXWLRQRI(QJLQHHUV0HFKDQLFDO(QJLQHHULQJ'LYLVLRQ,QGLD





++HUW]  2Q WKHFRQWDFWRIULJLGHODVWLFVROLGVDQGRQKDUGQHVVLQ*HUPDQ%HUOLQ
637LPRVKHQNR-1*RRGLHU 7KHRU\RI(ODVWLFLW\0F*UDZ+LOO6LQJDSRUH
-RVHSK(GZDUG6KLJOH\  0HFKDQLFDOHQJLQHHULQJ'HVLJQ0F*UDZ+LOO6LQJDSRUH
5REHUW / -DFNVRQ ,W]KDN *UHHQ $ )LQLWH (OHPHQW 6WXG\ RI (ODVWR3ODVWLF +HPLVSKHULFDO &RQWDFW $JDLQVW D 5LJLG )ODW -RXUQDO RI
7ULERORJ\ 7UDQVDFWLRQVRIWKH$60(
